Introduction
Mercury is a byproduct of the extensive gold mining performed in the Sierra Nevada Mountains of California in the nineteenth century. After being discarded by miners, the residual mercury was gradually released into the downstream environment, including that of the American River. Folsom Reservoir is on the American River northeast of Sacramento and supports recreational fishing for several cold and warm water fish species, including rainbow trout (Oncorhynchus mykiss), brown trout (Salmo trutta), bass, catfish, crappie, perch, and bluegill (Lepomis macrochirus). Created by Folsom Dam, this reservoir is managed by the California Department of Parks and Recreation under an agreement with the U.S. Bureau of Reclamation (USBR).
The U.S. Geological Survey (USGS) conducted a study in cooperation with the USBR to determine the concentrations of mercury in selected sport fishes from Folsom Reservoir. The California Department of Fish and Game (CDFG), along with USBR personnel, conducted all fish collections. The USBR will use the data from this study to make future management decisions concerning fish harvests from Folsom Reservoir.
Sample History
A shipment of 14 whole-body fish and 4 dry tissue powder samples collected by USBR was received by the USGS on June 28, 2006. The fish samples were collected by line fishing and consisted of 13 rainbow trout and 1 spotted bass (Micropterus punctulatus). Upon receipt, the samples were assigned USGS batch number 1264 and USGS identification numbers 37049-37066. A second shipment arrived on August 16, 2006 that consisted of nine whole-body bluegill sunfish and two dry tissue powder samples. This shipment was assigned USGS batch number 1285 and USGS identification numbers 37724-37734. Before receipt by the USGS, all whole-body fish samples had organs removed (liver, spleen, and one kidney) by the CDFG for a separate study. The USBR requested that the USGS determine the fork length on all fish and total length on rainbow trout, then remove a fillet sample, and determine percent moisture and total mercury on all submitted samples.
Methods

Homogenization and Lyophilization
All methods and procedures employed followed approved USGS Standard Operating Procedures. Filleting of the larger fish was conducted with a titanium knife; smaller fish were filleted using a ceramic knife. A fillet was collected from one side of all fish, except for bluegill, which had fillets removed from both sides to provide a more suitable biomass. All fillet samples were minced with a titanium knife. Homogenized samples and tissue reference materials were lyophilized with a Virtis Genesis ® 35EL freeze dryer, and percent moisture was determined as part of the lyophilization procedure. Once dried, fillet samples were further homogenized by crushing with a glass rod in a glass sample vial. All dried samples were stored in glass vials in a desiccator.
Instrumental Analysis and Data Reporting
Mercury was determined with a direct mercury analyzer. With this method, a dried fish sample of approximately 50 mg (milligrams) was combusted in a stream of oxygen. All mercury in the sample was volatilized and trapped by amalgamation on a gold substrate and thermally desorbed and quantitated by atomic absorption spectrophotometry (U.S. Environmental Protection Agency, 2003). The entire sequence was conducted with a Milestone Direct Mercury Analyzer (DMA-80) equipped with an automated sample carousel. Duplicate determinations were conducted for each sample, and the mean of the two analyses was reported. However, if the relative percent difference (RPD) among duplicates exceeded 20 percent, an additional analysis was performed, and the concentration expressed as the mean of all three analyses. The mercury concentrations measured in dried fillet samples was converted to wet weight for reporting based on moisture contents determined by lyophilization, but concentrations of samples received as dry powders (tissue reference materials) were reported "as received." Residual moisture of homogenized, desiccator-stored fish fillet tissue typically is between 3 and 5 percent. No attempt was made to apply a correction for residual moisture of individual dry samples because the mercury analyzer was calibrated with dried certified reference tissues having similar ranges of moisture content. The uncertainty of reported wet-weight concentrations, potentially because of moisture differences among the individual dried unknown samples and the certified reference samples used for the calibration, is expected to be considerably less than the overall method uncertainty [about ± (plus or minus) 5 to 10 percent for mean concentrations well above the method quantitation limit]. Furthermore, the uncertainty associated with moisture variation among dry sample determinations should be no greater than the uncertainty associated with moisture variation among fresh or frozen fish fillet sample analyses.
Results and Discussion
Fork length, total length, percent moisture, and mean concentrations of total mercury measured in fish fillet samples collected from various sport fishes of Folsom Reservoir are presented in table 1. Percent moisture in fillets ranged from 76.7 to 81.1 percent and averaged 79.1 percent. Mercury concentrations in rainbow trout samples ranged from 0.031 to 0.20 µg/g (micrograms per gram) wet weight and averaged 0.099 µg/g. In bluegill samples, mercury concentrations ranged from 0.071 to 0.16 µg/g wet weight and averaged 0.11 µg/g. The highest mercury concentration was detected in the single spotted bass sample (0.98 µg/g wet weight), which was well above the U.S. Environmental Protection Agency's consumption advisory of 0.30 µg/g wet weight (U.S. Environmental Protection Agency, 2001). This was the only fish sample that exceeded this consumption advisory guideline. Percent moisture and mean concentrations of total mercury in submitted dry tissues are presented in table 2. Percent moisture ranged from 4.1 to 8.9 percent. Mercury concentrations ranged from 0.5 to 2.93 µg/g dry weight. As mentioned earlier, mercury concentrations were not corrected for the residual moisture because the DMA-80 is calibrated using dried reference tissue powders with comparable residual moisture values. 
Quality Control
The samples were handled in one group or block through the instrumental analysis. Quality control included blanks, replicates, pre-combustion spikes, and tissue reference materials. During the instrumental run, additional quality control included independent calibration verification checks. For the group or block of samples, two independent calibration verification samples [National Research Council Canada (NRCC) DOLT-3 and International Atomic Energy Agency (IAEA) 407] were analyzed at the beginning and end of the instrumental run to confirm the calibration status of the DMA-80 system; each measured calibration sample was within ±10 percent of the certified concentration. Five reference tissues were analyzed for mercury: NRCC DORM-2 [n=2 (2 samples)], National Institute of Standards and Technology (NIST) RM50 (n=2), IAEA 407 (n=2), NRCC DOLT-3 (n=2), and NIST 2976 (n=2). Recoveries of mercury were within certified or recommended ranges for all NRCC DORM-2 and IAEA 407 materials and for one NIST RM50 material. Recoveries were 95 percent for both NIST 2976 materials and 99 percent for one NIST RM50 material. Recoveries of mercury in NRCC DOLT-3 were 102 percent and 104 percent. Method precision can be estimated from the RPD from the duplicate analysis of tissue samples or as percent relative standard deviation (RSD) from triplicates. The overall mean RPD ± the standard deviation for all fish fillets samples (n=22) was 4.3 percent ±2.2, and for tissue powders (n=6) was 4.1 percent ±2.4. Furthermore, RPDs were less than 8 percent for all but one sample. One fish fillet sample exhibiting an RPD greater than 20 percent was analyzed again to obtain a triplicate analysis. Percent RSDs from triplicate analyses of this and one other arbitrarily selected fish fillet sample were 27 percent and 1.8 percent. Percent recovery of methylmercury hydroxide from precombustion tissue spikes (n=4) ranged from 104 to 115 percent and averaged 109 percent. Although all spike recoveries were above 100 percent, the mean recovery was well within quality control protocol target limits (80 to 120 percent). Moreover, spike recoveries are not necessarily the best indicator of accuracy for the DMA-80 method because the instrumental response for liquids is sometimes slightly different than for solids. Blank equivalent concentrations (BEC) for total mercury exceeded the method detection limit for one of the two determinations, but the lowest sample concentration (0.031 µg/g wet weight) was about eight times the highest BEC concentration (0.004 µg/g wet weight). The instrument detection limit was 0.0006 µg/g wet weight mercury. The method detection limits were 0.0009 and 0.005 µg/g wet weight mercury, and the method quantitation limits were 0.003 and 0.017 µg/g wet weight. Overall, the quality control was within acceptable limits as specified by the USGS.
